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A B S T R A C T
Posttraumatic diaphyseal malunions of paediatric forearm fractures are associated with a considerable
decrease in functional capacity. Corrective osteotomy and plating may be indicated to retrieve normal
function and decrease the pain of the forearm. We present a case of a patient with malunited forearm to
be treated with a corrective osteotomy. Intraoperatively, however, we visualized a grossly osteonecrotic
ulna. After we removed the tourniquet and drilled 3 holes into the bone and still appreciated no active
bleeding, we decided to abort the ulna osteotomy. Subsequent bone biopsy and bone scan results
returned at the one and a half year follow-up clinical visit revealed that the visual appearance of the bone
was misleading; however we are unaware of this ﬁnding in the literature. It is our intention that this case
report draws attention to this possible outcome secondary to paediatric both bone forearm fractures and
provide information about a presumably rare case in hopes of quantifying this complication and
determining the true incidence of an abnormal ulna appearance.
 2012 Elsevier Ltd. 
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Adolescent forearm fractures are quite common and rank as the
third most common fracture seen in children [1]. When the
fracture occurs in the diaphysis, they can usually be treated
successfully by closed reduction in younger children. Some authors
have advised that children over the age of 14 should be treated by
operative ﬁxation [2] while others have even recommended an age
limit of 8 years [3]. Acceptable angulation at the midshaft level is
proposed to be 15 degrees considering the patient still has at least
2 years of growth remaining. As children become older, most
authors agree that they should be treated as adults and fractures
with more than 10 degrees of angulation should be treated
operatively.
Even with these guidelines, management of diaphyseal forearm
fractures is not without complications. Loss of adequate fracture
reduction is the most common short term complication of this
fracture and has been reported to affect 10–25% of the patients
[4,5]. In the long term, stiffness and refracture tend to become the
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Open access under the Elsevier OA license.neuropraxia and malunion occur less frequently. Because of the
paediatric remodelling potential, malunion is commonly well
tolerated with loss of motion seldom occurring [7]. However, when
malunion continues into adulthood, increasing angulation is
associated with restricted forearm rotation and distal radioulnar
joint (DRUJ) instability equating to wrist pain. We would like to
report the case of a patient who presented 12 years after closed
treatment of a both bone forearm fracture who appeared to have
extensive osteonecrosis of the ulna. To our knowledge, this has
never been reported. The purpose of this case study is to present a
presumably rare case in hopes of describing the unexpected
ﬁnding of an abnormal ulna appearance during elective recon-
structive surgery.
2. Case report
A twenty-six-year-old right hand dominant male was referred
to our orthopaedic clinic by a primary care physician for continued
left forearm deformity status post both-bone forearm fracture 12
years prior after a skate boarding accident. The patient reported he
underwent nonoperative treatment with closed reduction and was
in a cast for approximately 4–6 weeks. During the ensuing twelve
years, the patient reported he had continued deformity, increasing
pain, and fatigue in his left forearm. The patient worked as a
librarian and enjoyed playing a guitar for a hobby; however, the
pain and fatigue in his left forearm interfered with his work and
play.
The patient’s past medical history was insigniﬁcant. He denied
smoking or illegal drug use, reported no history of a previous
surgery on his left upper extremity and denied any prescription
Fig. 1. (A and B) AP and lateral radiographs demonstrating volar bowing of both the
radius and ulna.
Fig. 2. (A and B) Intra-operative photos showing the appearance of grossly necrotic
bone. In the magniﬁed image (B), one can also visualize a drill hole where no active
bleeding was appreciated.
Fig. 3. Pathology slide depicting unremarkable bone fragments.
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left forearm deformity. The patient was able to pronate and
supinate his unaffected right forearm through an arc of 90 degrees
to 90 degrees but he was limited to 45 degrees of pronation and
60 degrees of supination of the left (affected) forearm. He also
described weakness with these motions. The patient’s hand grip
was tested and he had grip strength of 80 with the right hand
whereas his strength was 72 on the left. The patient reported full
sensation and had strong distal pulses in both upper extremities.
Radiographic imaging revealed a healed fracture of the radius with
an apex volar radial bow malunion (Fig. 1). This was opposite of the
dorsal bow on the contralateral radius.
The patient was sent to physical therapy to focus on
strengthening and work on increasing his range of motion about
his left forearm. After 10 months of failed physical therapy, the
patient elected to undergo a both bone dome osteotomy for
correction of malunion and relief of continued pain. The radial
dome osteotomy was performed through a volar Henry approach
and a precontoured radial plate was placed with locking screws.
Subsequently, a straight incision was made along the subcutane-
ous border of the ulna in the interval between the ﬂexor carpis
ulnaris and the ﬂexor carpis radialis to provide access for the ulnar
dome osteotomy. As the periosteom was elevated however, the
bone was found to have a uniform brown colour along its entire
length (Fig. 2). There was no evidence of tumour or infection. The
tourniquet was removed and the bone was drilled in 3 locations
along the diaphysis. After no active bleeding was appreciated from
any of the drill holes, an open biopsy was taken utilizing a Craig
Needle biopsy set and sent for culture and pathology (Fig. 3). The
ulnar osteotomy was aborted due to concerns regarding healing
potential and the incision was closed in a normal fashion.
Pathology was reviewed by our institution as well as an outside
hospital and returned a diagnosis of unremarkable bone with no
evidence of neoplasm or infection.The patient continued with follow-up for 1½ years when he was
then discharged from further care after radiographs revealed a
healed radial osteotomy. He was able to demonstrate equal grip
strength with a full range of motion of his left forearm. At last
follow-up he was pain-free and offered no complaints about his
reconstruction or his forearm deformity (Fig. 4). At the last visit the
patient was sent for a bone scan which noted symmetric blood ﬂow
although there was slightly more uptake by the mid aspect of the
ulna, most likely due to altered stress.
3. Discussion
Signiﬁcant malunion in younger patients may decrease over
time and loss of function occurs in only a small percentage of
Fig. 4. (A and B) AP and lateral radiograph of the forearm after 1 year and 6 months
follow-up. (B) The fracture appears to have healed and the drill hole is no longer
visible.
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malunion are typically successful [8]. Malunion in adults however
is not tolerated as well. Cadaver studies have shown that
angulation > 20 degrees caused 30% restriction of forearm motion
[9]. Corrective osteotomy has been found to be an adequate
surgical treatment for these patients and has often lead to
improved function and range of motion in adults [10].
The complications of corrective osteotomy have been described
as infection, nonunion, and radial nerve injuries. No previous reports
have documented the grossly necrotic appearance of the ulna that
was discovered in our case. Furthermore, intra-operatively we
drilled 3 separate holes into the bone and witnessed no active
bleeding. Because of these ﬁndings, we opted to forego the ulna
osteotomy and rely solely on the osteotomy performed on the
radius. Results from the pathology report and bone scan revealed
that our intra-operative ﬁndings were misleading; however, we are
still perplexed by this case presentation.
Posttraumatic avascular necrosis of the bone is recognized to be
the resultant sequela of interrupted blood supply to the bone. This
phenomenon is not uncommon in several bones throughout the
body. Clinically signiﬁcant avascular necrosis usually presents
about the epiphysis of long bones such as the femoral head [11] or
the humeral head [12]. Other common sites reported include the
talus [13], the scaphoid [14] and less commonly in the distal femur
[15], or the vertebral body as in Ku¨mmell’s disease [16]. Reports of
avascular necrosis in the diaphysis of long bones are extremely
uncommon. Blood supply to the diaphysis of long bones occurs
through the nutrient artery which transverses the cortex at acute
angles but does not branch within the cortex [17]. In the ulna, thenutrient artery is most commonly located on the anterior surface of
the diaphysis, though slight variation has been seen [18]. Past
research has identiﬁed a relative ‘‘watershed zone’’ in the
intraosseous blood supply to the ulna in the mid-diaphyseal
region [19]. This area relies on periosteal blood ﬂow from the
anterior and posterior interosseous arteries for vascular supply. A
few studies have hypothesized that fractures distal to the nutrient
artery entry point have a propensity for nonunion and the
possibility of avascular necrosis (AVN) [20].
AVN has also been associated with steroids [21], bispho-
sphonates [22], sickle cell disease [23] or Gaucher’s disease [24].
This was the concern with our patient but a detailed history and
evaluation revealed that he was healthy and did not use any drugs.
If not for the patient presenting with pain and gross deformity
requiring surgery, we would have never discovered this abnormal
bone appearance. The recent increase in surgical osteotomies due
to forearm malformation in adults may allow us to ﬁnd similar
occurrences and be able to determine the overall incidence of this
abnormal ulnar appearance. As to the aetiology of this case, we
remain uncertain.
It is possible that this is a common appearance following closed
treatment of paediatric both-both forearm fractures but, due to the
infrequent need for corrective osteotomy, this condition has not
been reported. It is our intention that this case report draws
attention to this possible outcome secondary to paediatric both
bone forearm fractures. As well, we hope to provide information
about a presumably rare case in hopes of quantifying this
complication and determining the true incidence of an abnormal
ulna appearance.
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